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$p(x,t)=\frac{1}{4\pi a_{0}^{2}}\int\frac{r_{i}r_{j}}{r^{3}}\frac{\partial^{2}}{\partial t^{2}}T_{\ddot{\eta}}(y,t-\frac{r}{c})dv(y)$ (3)
$p(x,t):$ $\chi$
$a_{0}$ :




























Fujita [18] , (5)
22
(5) , , $F_{i}$
, $x=x_{i}$ $D$ , $L$ } ,
$C_{L}$ ,
$F_{i}(t)= \frac{1}{2}\rho U^{2}C_{L}(t)DL$ (7)
,
$\frac{\partial C_{L}(t)}{\alpha}=0\mathcal{L}_{L}(t)$ (8)
Karman , $St$ Shouhal ,
$\omega=2\pi StU/D$ (9)
,













Phillips [19] , Reynolds $Re\leq 160$ , ($\alpha$CLRC2/16)
, $\alpha$
,
, $C_{LRC}$ , Kovasznay [14]
$C_{LR}$ Gerrard[20] , $Re$ $10^{5}$
, $Re=10^{4}\sim 10^{5}$ , $C_{I_{-}R}=0.1\sim 0.6$ (13)












, Reynolds $Re$ Karman
$10^{3}<Re<10^{5}$ , , Sub-critical
$Re$ ,
$(Re=10^{5}\sim 10^{6}$ $)$ ,
Karman , Drag crisis
1950 $Re$ , Super-critical
Roshko [23] $Re$ ,
19
, Trans-critical
, Super Trans , Post-super-critical
, Roshko , $Subarrow Superarrow$ Trans
3.2 Sub-critical Trans-critical
[24][25] , 500 mm $Aa$ , 40 mm, 500
mm , $0.5x10^{3}<Re<1.4x10^{5}$
$\alpha$
, (13) , ,
, Reynolds ,
, $10^{3}<Re<10^{5}$ , $a\sim Re^{-0.5}$ , Phillips [19]
, Sub-critical
Fujita [26][27] , ( 3mx2.5 $m$ ,




Super-critical : $3x10^{5}<Re<7.5$xl $0^{5}$
Trans-critical : $10^{6}<Re<2x10^{6}$
, $X$ , $y$ , $z$
2 , Fujita [26][27]
No. 1 No. 17 , No. 18 No 30
3 Strouhal $St$
, Super-critical
, $St$ 0.45 $Re=5x10^{5}$ ,
6 , Trans-critical 0.2 $St$






4 , , 5
$90^{\text{ }}$
$PFL= \frac{p_{s}}{(1’ 2)\rho U^{2}}$
, $p_{s}$ :
$U$ :





4 , Sub 70$\circ$ , Super
21
4 $- 3$ $- 2$ $-1$ $0$ 1
$z/D$
2 3
5 ( 90$\circ$ )
5 , Sub , , Super
















, 8 Sub $Re=3x10^{5}$
Super Trans ,


















, $0^{\text{ }}$ $5^{o}$ , $15^{\text{ }}$




$(L/\# 10,15,30)$ , $St$
[31] $L/D=15$ , [32] $L/\# 10$ ,





$\alpha$ 10 , $D_{e}$ $St_{e}$ (16) (17)
$\alpha=0^{o}$ , , 11(a)
1 $D$ , $D$ st 13
24
0.13 $\alpha$ , , $St_{e}$
$\alpha=$ 13 $\circ$ , 11(b) $St_{e}$
$\alpha>13^{o}$ 11(c) , $St_{e}$









[34][35] 20 mm $R=0,1,2,5$ mm 4
, (HRHS)
12
(a) SQ (b) HRHS (HHR) (c) CI (d) HRHS (HHO)
$\alpha=0^{\text{ }}$ . $\alpha=180^{o}$ . $\alpha=0^{o}$ .
12 $\alpha$
25
135 $m/s$ 4 $St_{e}$
13 14 , $R=5$ mm
, $0^{o}$ ( ) ,
, $180^{O}$
$-60$ $-40$ $-20$ $0$ 20 40 60
$\alpha[\deg]$
13 Strouhal
$-60$ $-40$ $-20$ $0$ 20 40 60
$\alpha[\deg]$
14
, Fujita et al [35]
15
16 $\sim$ 19
16 $(x=11 mm)$ , SQ , HHR
, SQ CI $y$
, HHO 17, 18 $SQ$,




19 $(x=40 mm)$ , $SQ$ HHR , HHO CI
,
26
$0$ 100 200 300 400 500
Frequency [Hz]
$15$
$0$ 10 20 30 40 50 60 70
$y$ [mm]
16 , $x=11$ mm
$0$ 10 20 30 40 50 60 70
$y$ [mm]
17 , $x=20$ mm
27
$0$ 10 20 30 40 50 60 70
$y$ [mm]
18 , $x=30$ mm
$0$ 10 20 30 40 50 60 70
$y$ [mm]
19 , $x=40$ mm











[2] M. M. Zdravkovich: Flow around circular cylinders, vol. 1: Fundamentals,
566-571, Oxford University Press (1997)
[3] A. Kircher, Musurgia universalis (1650)
[41 A. Kircher, Phonurgia nova (1673)
[5] http$:vmw$.harpmaker.net/windharp.htm
[6] V Strouhal: On one particular way of tone generation (in German), Annalen
der Physik und Chemie (Leipzig), ser. 3, 5, 216-251 (1878)
[7] Th. von K\’arm\’an: On the mechanism of drag generation on the body
moving in fluid (in German), Nachrichten Gesellschaft
Wissenschaffen, G\"ottingen, Part 1, 509-517 (1911)
[8] Th. von K\’arm\’an: On the mechanism of drag generation on the body
moving in fluid (in German), Nachrichten Gesellschaft
Wissenschaffen, G\"ottingen, Part 2, 547-556 (1912)
[9] Th. von Karman, Aerodynamics-Selected topics in the light of their historical
development, Cornell University Press (1954), Reprinted by Dover (1957)
[10] Lord Rayleigh; The theory ofsound, vol. 2, 412-414, Macmillan (1896), Reprinted
by Dover (1945)
$[11]H$ . B\’enard: Formation of centers of circulation behind a moving
obstacle (in French), Compte Rendus Academie des Sciences, 147,
839-842 (1908)
[12]H. B\’enard: A ‘cinematographic’ study of eddies and ripples produced
by towed obstacles (in French), Compte Rendus Academie des
Sciences, 147, 970-972 (1908)
[13]H. B\’enard: On the frequency law of alternate eddies behind an
obstacle (in French), Compte Rendus Academie des Sciences, 182,
1375-1377-842 (1926)
[14]L. S. G. Kovasznay: Hot wire investigation of the wake behind
cylinders at low Reynolds numbers, Proc. Royal Soc., London, A198,
174-190 (1949)
[15]A. Roshko: On the development of turbulent wakes from vortex sheets,
NACA TR 1191 (1954)
[16]M J.Lighthill: On sound generated aerodynamically, I General theory, Proc.
Royal Soc., London, A211, 569-587 (1952)
[17]N. Curle: The influence of solid boundaries upon aerodynamic sound,
Proc. Royal Soc., London, A231, 504-514 (1955)
[18] H. Fujita and L. $S,$ . G. Kovasznay: Unsteady lift and radiated sound from a
wake cutting airfoil, AIAA J., 12, $1216- 1221.(1974)$
[19] O. M. Phillips: The intensity of Aeolian tones, Journal of Fluid Mechanics, 1,
$607- 624(1956)$
29
[20]J. H. Gerrard: An experimental investigation of the oscillating lift and drag of a
circular cylinder shedding turbulent vortices, Journal of Fluid Mechanics, 11,
244-256 (1961)
[21]A. Powell: Theory of vortex sound, JASA 36, 177 (1964)
[22] M. S. Howe: Theory ofvortex sound, Cambridge University Press (2003)
[23]A. Roshko: Experiments on the flow past a circular cylinder at very high
Reynolds numbers, Journal ofFluid Mechanics, 10, 345-356 (1961)
[241 3 : ( 1 ,
) B61, 4371-4378 (1995)
[25] 3 : ( 2 ,
) B62, 4160-4167 (1996)
[26] 3 :
, No. 99-1, 495-496 (1999)
$[27]H$ . Fujita, et al: The Aeolian tone and the surface pressure in high Reynolds
number flow, AIAA paper No. 2002-2002 (2000)
[28] G. Schewe: On the force fluctuations acting on a circular cylinder in cross-flow
from subcritical to transcritical Reynolds numbers, Journal of Fluid
Mechanics, 133, 265-285 (1983)
[29]R. H. Schlinker: Vortex noise from non-rotating cylinders and airfoils, AIAA
Paper No. 76-81 (1976)
[30] , , , ,
, 2 , (2007)
[31] 4 :: ( 2 ,
) B63, 1974-1979 (1997)
[32] , : ,
No. 99-19, 177-178 (1999)
[33] 3 : , 58-5,
282-288 (2002)
[341 , : ,
2001 G405, CD-ROM (2001)
[35]H. Fujita, et al: The characteristics of the flow field around two-dimensional
cylinders in relation to the Aeolian tone generation, Proc. INTERNOISE 2006,
CD-ROM (2006)
30
